**Core tip:** Bilateral common carotid artery common trunk with aberrant right subclavian artery combined with right subclavian steal syndrome is rare. No other similar domestic or foreign cases have been described. We hypothesized that the occurrence of blood steal syndrome may not be accidental and results from multiple malformations. This case reminds surgeons and interventional radiologists to be aware of the possibility of these abnormalities in patients with aortic arch abnormalities before surgery.

INTRODUCTION
============

There are many anatomical variations of the aortic arch and its branches, which are related to race and environment\[[@B1]\]. Anatomically, this is related to the complex process of embryonic development, that is, the imbalance of the developmental speed of the aortic arch during the embryonic period\[[@B2],[@B3]\]. When variations in the aortic arch and its branches affect anatomy or hemodynamics, patients often develop symptoms\[[@B4]\].

We report a case of a patient who complained of numbness and weakness in her right hand. After ultrasonography, digital subtraction angiography, enhanced computed tomography (CT), CT angiography (CTA) and other examinations, she was finally diagnosed with bilateral common carotid artery common trunk with aberrant right subclavian artery combined with right subclavian steal syndrome. The coexistence of these two deformities is rare when combined with the presence of right subclavian steal syndrome. No other similar domestic or foreign cases have been described. We hypothesize that these two kinds of deformities and right subclavian steal syndrome may not occur by accident and result from multiple malformations.

CASE PRESENTATION
=================

Chief complaints
----------------

The patient was a 65-year-old woman. Her chief complaints were dizziness, numbness in the right hand and weakness for 6 mo.

History of present illness
--------------------------

Dizziness occurred \> 6 mo ago without obvious inducement, lasted for 30 min, without fainting, chest tightness, chest pain and abdominal pain. The patient was treated in a community hospital for pain and other discomfort and was considered to have a history of hypertension. Two months ago, the blood pressure difference between the two upper arms was \> 40 mmHg. In the outpatient department of the hospital, the relevant examination was completed to confirm severe stenosis of the subclavian artery. When she was admitted to the hospital, recent mood, diet, sleep pattern and urine test were normal, and body weight showed no significant changes.

History of past illness
-----------------------

She had a history of hypertension for \> 10 yr and chronic hepatitis B for \> 40 yr. She denied history of hepatitis, tuberculosis, typhoid fever and other infectious diseases, blood transfusion, trauma, poisoning and surgery.

Personal and family history
---------------------------

No other members of her family had a similar medical history. She denied a family history of hereditary diseases, cancer, liver disease, infectious diseases and inflammatory diseases.

Physical examination upon admission
-----------------------------------

The patient came to our hospital for treatment for dizziness and numbness and weakness of the right hand for 6 mo. Physical examination and blood pressure measurement showed a blood pressure difference of 40 mmHg between the upper arms on both sides. It was significantly lower in the right upper arm.

Laboratory examinations
-----------------------

Laboratory examination results were: N-terminal pro-brain natriuretic peptide 135.1 pg/mL (reference range 0-125 pg/mL); uric acid 378 μmol/L (reference range 142-339 μmol/L); endogenous creatinine clearance rate 66 mL/min × 1.73 m^2^ (reference range 80-120 mL/min × 1.73m^2^).

Imaging examinations
--------------------

Ultrasound showed anomalous origin of the right subclavian artery and type II right subclavian steal syndrome. The blood flow in the right vertebral artery showed a weak positive contractile peak in early systole, followed by a large contractile wave in late systole below baseline and the diastolic blood flow disappeared (Figure [1A](#F1){ref-type="fig"}). She had right vertebral artery dysplasia (Figure [1B](#F1){ref-type="fig"}). The initial segment of the right subclavian artery showed 80%--99% stenosis. The blood flow velocity at the area of stenosis was up to 289 cm/s (Figure [2A](#F2){ref-type="fig"}) and was reduced at the distal segment of the stenosis, presenting as a single-phase wave change (Figure [2B](#F2){ref-type="fig"}). The right axillary artery and the following arteries showed blood deficiency compared with the healthy left side, and the flow velocity of the right axillary artery was significantly reduced and showed unidirectional changes (Figure [2C](#F2){ref-type="fig"}). Echocardiography showed calcification of the posterior mitral valve ring (Figure [3A](#F3){ref-type="fig"}) and mild regurgitation of the mitral and tricuspid valves (Figure [3B](#F3){ref-type="fig"} and [3C](#F3){ref-type="fig"}).

![Imaging examinations. A: Ultrasound showed that the right vertebral artery had a weak positive contractile peak in early systole (red arrow) followed by a large contractile wave in late systole below baseline (yellow arrow). Diastolic blood flow disappeared (type II right subclavian steal syndrome); B: Right vertebral artery dysplasia (blue arrow).](WJCC-7-3639-g001){#F1}

![Ultrasound imaging examinations. A: Ultrasound showed that the blood flow velocity at the right subclavian artery stenosis was up to 289 cm/s; B: Reduced at the distal segment presenting a single-phase wave change; C: Compared with the healthy left side, the flow velocity of the right axillary artery was significantly reduced and showed unidirectional changes.](WJCC-7-3639-g002){#F2}

![Echocardiography imaging examinations. A: Showed calcification of the posterior mitral valve ring; B, C: Mild regurgitation of the mitral and tricuspid valves.](WJCC-7-3639-g003){#F3}

In order to confirm and treat the right subclavian steal syndrome, digital subtraction angiography was performed. However, after successful puncture of the right radial artery, the direction of the catheter guide wire was different from that in normal patients and combined with severe right subclavian artery stenosis, it displayed as arterial occlusion (Figure [4](#F4){ref-type="fig"}). If the direction of the catheter guide wire was blindly adjusted only according to experience, the blood vessel might be damaged, so the doctors discontinued the continuous angiography. Considering the surgical risks, the patient refused the aberrant right subclavian artery stent implantation and was discharged.

![Digital subtraction angiography. A, B: After puncture of the right radial artery, the proximal segment of the right subclavian artery showed no contrast medium passing through, indicating a broken end.](WJCC-7-3639-g004){#F4}

Ten days later, the patient underwent enhanced CT and CTA examination, which showed that the common trunk of the bilateral common carotid artery arose from the aortic arch (Figure [5A](#F5){ref-type="fig"}) and aberrant right subclavian artery (Figure [5B](#F5){ref-type="fig"}). A large number of calcified plaques were found at the beginning of the aberrant right subclavian artery and the common trunk of the bilateral common carotid artery (Figure [5B](#F5){ref-type="fig"}). The right vertebral artery was slender (Figure [1B](#F1){ref-type="fig"}). All cardiologists met to discuss the patient, analyzed the causes of cerebral angiography failure and lessons learnt from it.

![Computed tomography angiography. A: Showed that the common trunk of the bilateral common carotid artery arose from the aortic arch (red arrow); B: The aberrant right subclavian artery (yellow arrow). Many calcified plaques were found at the beginning of the aberrant right subclavian artery and the common trunk of the bilateral common carotid artery (blue arrow).](WJCC-7-3639-g005){#F5}

FINAL DIAGNOSIS
===============

The common trunk of bilateral common carotid artery arose from the aortic arch and the aberrant right subclavian artery. Type II right subclavian steal syndrome and right vertebral artery dysplasia. Right subclavian artery stenosis at the initial segment (80%-99%). Ischemia change in the right axillary artery.

TREATMENT
=========

The patient underwent digital subtraction angiography. However, after the successful puncture of right radial artery, the direction of the catheter guide wire appeared different from that in "normal" patients, and severe right subclavian artery stenosis was displayed as arterial occlusion. If the direction of the catheter guide wire was blindly adjusted only according to examiner's experience, the blood vessel might be damaged, so the angiography was discontinued. Considering the surgical risks, the patient refused the aberrant right subclavian artery stent implantation and was discharged.

OUTCOME AND FOLLOW-UP
=====================

The patient underwent enhanced CT and CTA 10 d after discharge, and a final diagnosis was established. All cardiologists met to discuss the patient, analyzed the causes of cerebral angiography failure and the lessons learnt from this case. Timeline of patient diagnosis, treatment and follow-up (Figure [6](#F6){ref-type="fig"}).

![Timeline of patient diagnosis, treatment and follow-up.](WJCC-7-3639-g006){#F6}

DISCUSSION
==========

Vertebrates have six pairs of arterial arches in the embryonic stage, and the third, fourth and sixth pairs of arterial arches are important for the formation of human blood vessels\[[@B5]-[@B7]\]. During the embryonic period, under normal development, degeneration and atrophy occur between the tail of the arterial arch and the right subclavian artery, and finally the arterial arch sends out three main blood vessels, namely the brachiocephalic trunk, left common carotid artery and left subclavian artery, from right to left\[[@B8],[@B9]\]. When degenerative disruption occurs between the right common carotid artery and right subclavian artery, the aberrant right subclavian artery is formed\[[@B10]\]. The present case had a bilateral common carotid artery with aberrant right subclavian artery, which is a rare developmental deformity. This variation is caused by changes in the degenerative site of the fourth arterial arch during embryonic development, which leads to vascular malformations when the developmental process is blocked or mutation occurred\[[@B11]\].

The aberrant right subclavian artery may be located in the posterior esophageal pathway (80%--84%), between the trachea and esophagus (12.7%--15%) or in the anterior tracheal pathway (4.2%--5%)\[[@B12]\]. This anatomical variation is usually asymptomatic and therefore difficult to detect and does not require treatment. When blood vessels form an incomplete ring around them, they can compress the trachea and esophagus. Patients with dysphagia, dyspnea, chronic cough and other symptoms need surgical treatment\[[@B12],[@B13]\]. Or as in this case, although there was no dysphagia, the right upper limb numbness and weakness and other symptoms also required surgical intervention, so it was necessary to reconstruct the continuity of the subclavian artery. In terms of differential diagnosis, it is easy to be confused with thoracic outlet syndrome in terms of symptoms alone, so detailed physical examination and vascular examination may help to distinguish the condition.

Are these two concomitant deformities associated with aberrant right subclavian steal syndrome? Is it related to the failure of cerebral angiography? First, CTA and enhanced CT showed that most of the artery wall calcification plaques were concentrated in the initial segment of the aortic branch artery, especially the aberrant right subclavian artery (Figure [7](#F7){ref-type="fig"}), which led to aberrant right subclavian steal syndrome. However, the patient's aorta was in good condition, and CTA showed no stenosis in the thoracic aorta, abdominal aorta, common carotid artery and internal carotid artery, in addition to scattered small calcified plaques (Figure [8](#F8){ref-type="fig"}). In addition, coronary artery angiography showed no obvious stenosis in the left main, left anterior descending, left circumflex and right coronary arteries (Figure [9](#F9){ref-type="fig"}). Why did the aberrant right subclavian artery and common trunk of the bilateral common carotid artery show significant severe calcification with stenosis at the beginning under favorable vascular conditions? Compared with the severe stenosis of the aberrant right subclavian artery, the wall of the left subclavian artery was normal without stenosis. In fact, the bilateral subclavian arteries were close in origin and were almost symmetrical in shape with similar diameter (Figure [10](#F10){ref-type="fig"}).

![Enhanced computed tomography. A, B: Most of the artery wall calcification plaques were concentrated at the beginning of the aortic branch artery, especially the aberrant right subclavian artery (blue arrow), which led to the aberrant right subclavian steal syndrome.](WJCC-7-3639-g007){#F7}

![Computed tomography angiography. A, B: Compared to the plaques at the aortic branches, most cervical and cerebral arteries had no stenosis in addition to the presence of scattered small calcified plaques.](WJCC-7-3639-g008){#F8}

![Coronary angiography examinations. A, B: Showed no obvious stenosis of the left main, left anterior descending or left circumflex; C: Right coronary arteries.](WJCC-7-3639-g009){#F9}

![Computed tomography angiography. A, B: Compared with the severe stenosis of the aberrant right subclavian artery (yellow arrow), the wall of the left subclavian artery was normal without stenosis (red star), although both had similar shapes and origins.](WJCC-7-3639-g010){#F10}

Why were the two subclavian arteries with similar origins so different? After consulting the literature, we hypothesize that the reasons may be as follows. First, the aberrant right subclavian artery was congenital dysplasia. The arterial wall was weak in elasticity, especially at the beginning, and high blood pressure easily broke the intima\[[@B12]-[@B14]\]. Therefore, the blood flow impact was likely to cause intimal damage, plaque formation and then stenosis, which led to the blood steal syndrome. Second, the aberrant right subclavian artery arose directly from the aortic arch at an acute angle. According to the hemodynamic theory, there would be a greater shear force in the bloodstream\[[@B12],[@B15]\]. The high blood flow rate in the aorta had a direct impact on the wall of the aberrant right subclavian artery, and the fragile and easily damaged wall caused by the congenital abnormality aggravated the damage. It was more prone to calcified plaque formation and stenosis than the other arteries were. Third, due to the coexistence of multiple morphological variants, hemodynamics were greatly changed\[[@B16],[@B17]\]. Therefore, more plaques and stenosis were found at the initial segment of the abnormal vessels, while these at the beginning of the aberrant right subclavian artery were more significant. A large number of calcified plaques blocked entry of the guide wire, which was also a reason for the failure of cerebral angiography.

CONCLUSION
==========

Bilateral common carotid artery common trunk with aberrant right subclavian artery is rare and combined with right subclavian steal syndrome is worthy of attention. By analyzing three possibilities, we hypothesized that the occurrence of blood steal syndrome of the aberrant right subclavian artery may not be accidental but rather a result from multiple malformations. This will be validated in future clinical studies. Surgeons and interventional radiologists should be aware of the possibility of these abnormalities in patients with aortic arch abnormalities before surgery; therefore, we may see more effective treatment being made available for patients in the future.
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